The spurious double intertropical convergence zone (ITCZ) is a systematic bias affecting 5 state-of-the-art coupled general circulation models; there is still no consensus on its causes.
Introduction

26
General Circulation Models (GCMs) still present major difficulties in simulating trop-27 ical precipitation patterns and variability. In particular, the so-called double intertropical 
85
Additionally to its role in the sensitivity of deep convection to free-tropospheric humidity,
86
the lateral entrainment modifies the vertical profiles of both convective heating and moist-87 ening by changing the vertical profile of temperature and water vapor in convective plumes.
88
To better understand the influence of lateral entrainment on the ITCZ structure, we perform 
93
The paper is structured as follows. In section 2, we introduce the models and experiment atmospheric component ARPEGE-Climat (Déqué et al. 1994 includes three surface schemes for natural land, inland water (lakes) and sea/ocean areas.
120
Over ocean, the surface fluxes are parameterized using the Exchange Coefficients from Uni-
121
fied Multi-campaigns Estimates (ECUME) turbulence scheme (Belamari and Pirani 2007).
122
Over inland water, the exchanges coefficients at the air-water interface are computed from 
where φ is the latitude and k is a parameter that controls the tropical SST gradients.
144
Here k is taken equal to 0.4 which corresponds to the threshold for the transition from the (see fig. 1e ), in response to coupled ocean-atmosphere feedbacks that tend to amplify this fig. 1f, g ).
184
However, precipitation distribution in southern Pacific is still poorly simulated, compared to 
188
The DJFM AMIP simulations do not really suffer from the double ITCZ bias (see fig. 2a , b).
189
However, AMIP ǫ×2 experiment simulates a more confined SPCZ in qualitative agreement which tend to amplify the double ITCZ bias.
237
The sensitivity of the ITCZ structure to entrainment is robust across the three model config-
238
urations. This suggests that it is controlled by physical atmospheric processes independent, energy at equilibrium:
where s is the dry static energy: s = c p T + gz, with c p is the specific heat at constant 297 pressure, T is the temperature, g is the gravitational acceleration, z is altitude, ω is the 298 vertical speed, p is pressure and v is the horizontal velocity. 
303
The vertical advection of s may be expressed as: contributions from advection, convection, radiation and turbulence: The vertical velocity ω s is representative of the large-scale vertical motion of the atmosphere and is, therefore, comparable to ω 500 . We compute the PDF of ω s for both aquaplanet and AMIP simulations, following the same method as for ω 500 . These PDFs are shown in figure 7 . The PDFs of ω s have the same properties as those of ω 500 , with a bimodal PDF in ǫ/2 and a unimodal PDF in ǫ×2, although a hint of bimodality can be seen in the can be seen in the ω s PDF of the ǫ×2 aquaplanet simulation. Similarly to ω 500 , the PDF of ω s shows the decreased occurence of moderate convective regimes and the increased occurence of subsidence regimes in response to quadrupled lateral entrainment.
To investigate the mechanisms that control the shape of the PDF, i.e, the bimodal or the unimodal structure, we consider Equation (4) 
309
Both in AMIP and aquaplanet configurations, only the convective contribution is bimodal.
310
The stratiform contribution is unimodal, and its spread is smaller than that of ω circulation is driven by cumulus convection rather than by large-scale condensation. iments ǫ×2 and ǫ/2 in regime-sorted total precipitation, only appears for strong ascending 324 motion (ω 500 < −60 hP a/day). In these dynamical regimes, total precipitation in ǫ×2 is 325 larger than that in ǫ/2, which, together with the increased frequency of these particular 326 regimes (see fig. 4b ,c), supports the explanation of the PDF sensitivity given in the previ- bias.
344
The difference in the occurence of weak-to-moderate ascending regimes between the two 345 sensitivity experiments is associated with a smaller convective precipitation rate produced 346 in ǫ×2 within these regimes (see fig. 10 ). The decrease in convective precipitation in ǫ×2 347 is compensated by an increase of large-scale precipitation. In particular, the larger pre-348 cipitation produced by ǫ×2 within strong ascending regimes is explained by the increased 349 stratiform precipitation rate, which is expected to result from a more abundant moisture However, the P C /P ratio is still larger than the observed 45%-65% one, estimated by the is weighted by the corresponding ω 500 PDF. The obtained distributions are shown in figure   364 11.
365
Both in AMIP and aquaplanet configurations, the weighted precipitation exhibits the same 366 characteristics, although, unlike the AMIP simulation, a bimodal structure is present in ǫ/2 367 aquaplanet distribution, due to the strong bimodality of the corresponding PDF (see fig. 6 ).
368
The largest contribution to precipitation in the tropics derives from weak-to-moderate as-
369
cending regimes, with a maximum for ω 500 in the -40 to -20 hPa/day range. The two 370 sensitivity experiments do capture a maximum contribution in this range, but the maxi-371 mum is overestimated, because of the overestimated frequency of these regimes compared 372 to the observations. In contrast to ǫ/2, ǫ×2 presents a more realistic distribution associated 373 with a more realistic PDF. We notice, however, the overestimation of the contribution of 374 strong ascending regimes to precipitation by ǫ×2 experiment, explained by an overestimated 375 precipitation rate in these regimes.
376
Summary and conclusions
377
This study investigates the impact of lateral entrainment in convective plumes on the 378 double ITCZ systematic bias affecting state-of-the-art coupled general circulation models.
379
Sensitivity studies to the entrainment parameter are performed in a hierarchy of models
380
(coupled ocean-atmosphere GCM, atmospheric GCM and aquaplanet GCM). The change in
381
ITCZ structure is examined in relation with the representation of the tropical circulation, 382 using a regime-sorting approach applied to the mid-tropospheric vertical wind ω 500 .
383
Results show that the sensitivity of the ITCZ structure to lateral entrainment is robust 
424
The comparison between coupled and uncoupled sensitivity simulations shows that the cou- Keep acknowledgments (note correct spelling: no "e" between the "g" and "m") as brief 
